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ASYMMETRICAL FACTORIAL EXPERIMENT -

In this mhmpﬁur tirel we give introduction of asymmelrical
factorial euxperiments along with its histéfical background. In
section 4.2, we give the apquwib tor asymnetrical factorial
gaperiments, especially for the pxg mfamtmrialwaxpﬁrimamt and
praxk ~—factorial experiments. In section 4.3 different methods
nf construction of asymmetrical factorials are given.

4.1:~INTRODUCTION :
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In the previous chapt@r, we have considered only
symmetrical factmrial.@xperim@nts i.e. tﬁe experiments in which
Nthe factoés-mccur at same number of levels. Haowever, in many si-
tuations it is unrealistic to expect the same number of levels
for all factors. To remove this drawback of symmetrical factor-
ial experi@ent, we consider aﬁ factorial experiment which allows
different levels for diffmrent.factmrﬁ, Such an expériment in
which different factors occur at différwnt levels is called as a
tasymmetrical factorial experiment © , or ‘mixed factorial expe-
riment ° [ochran and Cox (19590)1. It can be desﬁribed in brief
as follows—

Suppose an experiment [Das, BGiri (1971)] ihvalvés n fact-
ors 3 A A 4 — = = A with-lwvmlﬁ‘ S .85 & — T —5 trespectively.
12 n i 2 N

In such experiments the total number of treatments are
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And, such an edperiment is called as

=1
1

s x -~ - =~ % s -factorial experiment .
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In the next paragraph we present the historical development of
tasymmetrical factor_al  experiments .
NYates (1935, 1937) was the first to tackle this problem. He.

5 n
proposed the confounded designs of the type % x 2 together with

the method of analys_.s. Further, Li (1944) suggested methods

similar to that of Yates for constructing confounded designs for

B
x
b,
23]

4 x5 w2, 4 x4 n 2,04 w3 o A, B x 2n 2.
Nair and Rao (1941, i94%, 1948) were the first tb give the suff-
icient combinatorial conditions which lead to the construction
of confounded designs. Thompson and Dick (1981) gave designs
for factorial experisments involving 2 or 3 Tactors, derived
from orthogonal latin squares. Kishen and Srivastava‘(1959) and
Das (i?bﬂ) have developed two different melthods for constructing
such de%ignﬁ. Kishey and Srivastava;Q approach is thraugh‘the
usme of finite geomet-ies while Das has given a technique of such
designs by linking them with the fractional replicates of symme-
trical experiments.  Nishid (19&1) o Bowso and Iyer (19282) give
‘irregular ° plans for aﬁymmwirical factorials where estimates
are hbalanced in some sense.

In the next section, we discuss the analysis of asymmetrical

factorial experiment for s % s X 8 — — — S@ries .



4.2 . ANALYSIS OF AaBYMRETRICAL FACTORIAL EXFERIMENTS

P " . \ -» .
A) Fhe p ® g factarial experiments -

Suppose there are two factors A and B at respective leve-

1 5 = p and s = q . .The pmain effects A and B have (p-1)
1 2

of A can be estimated seperately at each of the levels of R .
thus each component ot 0 umntributmg (qwf) d.f. to the nBb
interaction. This implis inteﬁavtiwn AR has (p-1)Y(qg-1)d.f. out
of total d.f. |

Suppose that the p g facfnrial experiment is arranged.
in a randomised conplete block design with r , replications.
With slight modification the model wsed in the previous chapter
can be rewritten as

Y = vk H ot dB ) v 8 e e (4.2.1)
i ij g ig

i=1, 2y - = =y p 31 d =1y 2y ===y g=1, 2, = = 4y r .
Where,
Y is the yvield when factor A is at i1 th level 1B at j th
'139 ‘
level in g th replication.

J : is the effect due to the g th réplication.
9

The other terns have same appropriate meaning as we have

Seen earlier.
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The usual least square polimates are given by

M =Y o T Y - Y

- " j. i.l - . W
E =y , (B ) =y -y -y +y
B ] ede - exw ij ij. h P .o
and
§ v -
4] | PR
The total sum of squares corrected for mean 1s given as
T.5.8. = ¥ F_ F_ Y - rpq y e (4.2.2

i 3 49 iig .

which carries rpg — 1 d.f. Une is lost because of the linear

constraint

i 3 g 13g s n

The sum of squeres due to A is equal to

(:i ___‘-‘e
g5 A= ( r%::{{ y - rpq Y ) e (4.2.%
i i.‘ F R e

with ( p — 1 ) d.*f.

The §.5 due to E is equal to

2 o
4 e

SsB=( rp>_y -rpay ) e (4.2.4)

j '.jl' LI I
with ( g - 1) d.f.

The §.8. due to replicates is

L



SSR=(pgi.y -rpay )  —-omems(4.2.5
g "’g .« w .

And 8.8, due to interaction AR is given by

2 -2 R . 2
8§5AH = r }: }: ; - rg s_ Y - rp *_ Yy + rpg vy ~—{84.2.6)
i3 ij. iod.. i .. .

with ( pg -~ p — g + 1) d.f. And 8.8, due to error, S.5.E. can
be obtained by substracting the addition of 8SA, 8B, S8SAB and
S8R from total 8.8. That is, we have the relation.

+ GBR + SBE .

jex

T.G8.8. = 88A + 851 + SEAE
And splitting wup of corrosponding d.f. is

pagr — 1 = p=1 + g—-1 +(p-1)Y{g~1} + r—~1 + (pg-1)(r—-1) .
The hypothesis of under inbtorost are

H : Interaction effect is not significant

0 . .

ice. (dB) = Q0 oy eweeyis § .
ij '

against,

H : Interaction effect is significant.
1

If above null hypothesis of non significance of interaction
is accepted, then we test the following hypotheses.

H : Factorial effect due to factor A is absent, and
Q

H : Factorial effect due to factor R is absent.
Q

These all hypethoses can be tested in the usual way. The ANOVA

is given as below -



Analysis of Variance For p % q

Table No.

4.2.1

ro-rep

~factorial In R.E.D. with

lications .

Source of

; ; ; H
i ' ' '
Variation ; d.f. ; 5.5. ; M.9. ; F
: 2 : 2
Replicate : - 1 : SO ' MSR ;
) , ) ) '
A E P - 1 ; 55A° 2 MSA ; MSA/MSE
B ; g = 1 ; o) 2} ; MSE ; MSR/MSE
AR ; (p”l)(Q“l):E SSAR ; MSAR ; MSAR/MSE .
Error g L suk L MSE :
i E E :
Total Vorpg - 1 Vo T.8.5. ) :

be obtained by forming two—-way tables

Co

(p

the sum of squares for main effect A

Also sums of squares for main effects and interaction can

neider A by B two-way table.

g-1) d.f. From the margihalltmtals

for main effect of B with (q-1) d.f.

The total $.8.

squares for the interaction AR  is obtained and

(p

de

an

—~1) (g-1) d.f.

for sach pair of factors.

among cells has

in the table we complete
with (p~-1) d.f. and that

By substraction, the sum of

it carries

In the similar way the analysis can be carried in other

BLENS .
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ko FACTORIAL EXPERIMENT
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Suppose there are three factors A, B and C

.

at levels p . q

d s = k respectively, and are to be tested in all combinat-

4
)

wons.  The mathematical model may be given as -

Y

= b d B HAR) Y (®W) +(BY)
. s s v 1 !
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g = 1, Z, = = =, r 5

and different tersas have same meaning. Suppose that the

y «

gxperiment is conducted according to RBD  with °r replicati-

ones . In the usuidal way. we calowlate the sums of sguares due to

various components and further the ANOVA “is given as below--—
Table No. 4.2.2 .

Analysis OF Variance For p x g x k =~Factorial in RBD With

r’ -replications.

Souwrces OF. Variation ; d.f. ;
Replicates ;‘ - 1 %
A : p -1 :

B : a -1 E

C : k-1 E

A R S(pml)(q*l) i

- A C ‘;(p“l)(k~1) §

B C E(qu)(k~1) é

ABRC E(p“l)(Q*l)(k*l);

Erfor E é

Total % rpgk — 1 g

In the usual manrer we test different, [Fedrer(l19 )] hypo-
theses of significance of main effects and interactions.
If the factor A is applied at p —different levels, it

may be desirable to estimates the linear, quadratic and perhaps



ulhaer responses.  So the po U dote mdy bo partitionsd into
p~1 individual d.f. if émntraﬁts are meaﬁingful. Also the ‘g-1°
d.f. corrosponding to eff@ct/ B are partitioned if contrasts
are meaningful. |

Same method is extended for the cases where there are more
than three factors. In general, the sums of squares for main
effects are calculated directly, and those for interactions are
calcuiated by substraction.

n 5

THE 2 % 3 SERIES FACTORIAL EXFERIMENTS .

These types of factorial experiments are very usaful.
It involves two factors say A and B at levels n and s respecti-

ry -

vely., For  n= g = 1, we get 2 x 3 -—factorial experiment.

i

For, n= 1, & = 2, we get 2 2 3 x % factorial experiment contai-
ning 18 treatment combinations and so on. The above all expe-
riments can be conducted in RKBD with r -replications. If we
wish to use large number of treatment combination, then it is

' 1
desirable to use one of the incomplete block designs. Confoun-

ding in such a type of experiments has been given by Yates (1937)

In the next section we will discuss about the construction

of ' asymmetrical factorial experiments .
A CONSTRUCTION OF ASYMMETRICAL FACTORIALS A

We have discussed indetail thé confounding of symmetrical
factorials in previous chapter. In symmetrical factorial
experiment cohfounding of higher order interactions can be
duﬁu without losing any information on main eftfects. But confo-

‘.

unding in asymmetrical Tactorial experiment is some what compli-

e



cated. However, there are different methods of confounding of
‘asymmetrical factorial experiments © . Some of these are given
below .

1) Construction of baimncmd.cmnfoundwd asymmatrical desi-
gns by linking them wiﬁh the fractiocns of suitable symmetrical
factorials.

P Confounding in asymmetrical factorial with the use of
Galolis field and finite Geometries. {[Raktoe, Hedayvat and
Fedrer (1981)7.

Z)Y Confounding of asymmetrical factorial with the help of
pseudofactmrﬁ.

-In the literature on asymmetrical factorial experiments the
concept "balance" is being used. It shows the relative loss of
information on any affecﬁed interaction is the same.

Bose (1947) introduced the concept of balancing in symme-

trical factorial experiments.

Definition t4.3%.1:~ In & partially confounded symmetrical
e stee 1eem saese et 2vee swms miom amamt somve saant raryn Smone rvms e oA S0rms ’,_._1 ) .
factorial experiment, if each of the (s-1) pencils of (s-1) d.f

carried by the (k—1) *h order interaction beltween factors

A, A .~ - 4 s confounded in r replications and rema-
il iz ik 1

ins unconfounded in r replications, then we say that the inter-

l:?
action A L A 4, - - =, A has been balanced .
i1l i2 ik
We note that if —-he interaction A A -~ -0 A is balan-—

il iz ik

ced, there is a uniform loss of information equal to r /{r +r )
‘ 1 1 2

aon every degree of freedom belonging to this interaction.

DHLMur.,-:ﬁ Kh;—.!- . L
wéf“WMl Uty ERSITY. KOLEAPUE
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Hose (1947) furzher defined the following :

Definition @ 4.3.2 1~ If each of the pencils carrying s-1 d.f.

of (k-1) th order interactions, is confounded in r replications

1
and uncaonfounded in r replications, then (k—1) th order intera-—

3

o

ction is said to bé zompletely balanced.
The above definition of "balancing in factorial experiments’
due to Bose (1947) fails when tﬁe block size is not & prime or
not a prime power. To remove draw back of above definition, Shah
{(19%8) provided a definition of ‘complete balance -

Daefinition 4.3%5.73 1~ (Balanced Factorial Experiment)

e meren oot [T —— A st i aren caese ganrs e  480h ek s Smres Seves Mo SASR GMRL S LY NS Grame G ade BRLDS BAER ALNOR Soren U MR

A factorial experimént will be cailed a balanced factorial
experiment (BFE) 1if the following conditions are satisfied.

1) Each of the treatment combination is replicated the
same number of times, say r,.

2) Each of the block is of the same size, say, k.

%) Estimates of contrasts belonging to different interac—
tions are uncorrelated with each other.

4) Complete bilance is achieved over eaﬁh of the
interactions. |

We discuss below a mothod of construction of balanced

confounded asymmetrical factorial designs by linking them with
the }ractibnﬁ of sustable symmetrical factorials. This method is
firet given by Kishen and Srivastava (1959) and theh by Dag(lqéO)
fAnd it appears that the method of Das is more general than the

method due to Kishen and Srivastava.



4.35.1° CONST f\U( TION OF LOLANCED CONFOUNDED

SYMHMETRICAL FACTORIALS

Cansider an experiment with n factors A ,A , - —-+A such that
1 2 n

factor A , is at s levels ( i = 1, 2, - - ,n ) and all s ‘s are
i i _ i

not equal. We will have

v = 859 H{ 8 4 - = - K 3

A n
total n@mber of treatment combinations. Let R denote the size
of block. In this method of combination it is VQQQired that
v ' ‘ k
e N , say is either a prime or & prime power. Let N = g
wﬁere, s 1s & prime and &k any int@g@r.
HBach of the n factgrﬁ which has ¢ levels, is called &

‘real’ factor. The real factors

-

 are denoted by A, B, C, - - etc.

or by A A A - - — etc. And each of other factors who is not at
1 2 3

al. et

s levels is called a’ factor of asymmetry’.These are dencted by X,

Yol or by X X ;X etc. The technique of construction [Das(i?&@)]
1 2 = . .

consists of converting the agymmetriéal factorial ﬁo a suitable

fraction of corresponding symmetrical factorial, by aenoting the
levels of esach factor of asymmetry by the ¢ombinations of a& requ-
iste number of factors each at s levels. These latter factors

’

are called as 'pseudofactors’ corrosponding to that factor of

asymmetry. The levels of each of real and pseuofactors are deno-

ted by the elements of GF(s). The number of pseudofactors ‘n °
, i
corraosponding to-a factor of asymmnetry is determined from



a4 £y

Where, s denotes the levels of factar a6 . If s < =3
‘ i
then any = of 5 elements of OF(s) are used to denote the lev-
1 . . ni

els ot A . Then any st aof s cumbinatiqmm of the o facto-

i S . ! ‘
rials is used to denoltz the levals of A andfrmmaining combina-

i ,

tions ni

s -8 are omitied and the above design becomes a

m
fraction of. % whiere

wo= oto b F N

to = number of real factors
and * n = number of pseudofactors

corrosponding to all the factors of asymmetry .

We know that the number of blocks per replication in the

k
asymnebtrical factorial is @ o . Therefore the corrosponding
k

symmetrical factorial is to be split into s blocks by confo-
unding o suitable set of nleractions. The treatment combinatio-
ns,which containing those combinations of the pseudo tactors
are  nol wsed for desigination of levels of factors of asymmatry,
are not to be taken as the block contents. And interaction
invalving only peseudo factors areg not confounded as this lead to

confounding of main effects of the corrosponding factors of asym-

metry. Similarly, if an int

action involving only real factors
iz confounded, it will be confounded completely as in symmetrical
factorials.

Let I . an interaction of corrosponding symsetrical fact-

o
po



m .
orial s 1is confounded which leads to the confounding of some

interaction say, I of the asymmetrical factorial and we say
A :

that interaction I corrosponds to the interaction I . When
=4 : 5

I does not contain any pseudofactors , I and 1 are identical.

s ‘ 5 A

When I contains one or more pseudofactors carraﬁpdnding to one

G

factor of asymmetry, say X + then the corfospcnding' I is
obtained from I by replacing the sét of pséudafactarséin it

by X . If 1 c;ntainﬁ pseudofactors corrosgonding to two facto-
rs of asymmet?y, say X and Y, then I is obtained from I by
replacing the set of pseudofactors cor?osponding to vy by yS.

The same procedure is continued to obtain 1 from I when there
A s
are pseudofactors in I corrosponding to more than two factors
3
of asymmetry. The real factors in [ remain as they are in I .
=1 A

Example:-4.2.1 We consider the problem of construction of 3IxZx2

e o st s bt (naen e Gt e b i o S e

factorial in the blocks of size six.Since 12/6=2, hence the
4
corrosponding symmetrical factorial is 2 with factors X , X
1 2
Aand B . X and X are the factors of asymmetrical where as
1 2

A and B are-real factors.
We obtain the first replication of the corrosponding symme-
trical factorial by confounding X.X .AB . We take the defin-

12

ing contrasts as

4
and 2 combinations are divided into four groups. To get the

fraction, the combination 11 of the factors X and X is
' i 2



‘omitted.

S0 the defining contrasts for the fraction are

The aliases of X X AR are as below
12

A X AR = X Al = X AR = AR .,
b N 2 1

Therefore, the interaction confounded in the asymmetrical

factorial are
XAER, XAR, XAB, AR .

G0 a balanced design is obltained by confounding the three
interactions wviz. X AR, X-AB and X X.AE each of which.corra~
sponds to XAHE, in thrée rep?icatian. 1ﬂ;d AR is confounded due
to fractionation.

The plan is given as below -

Table No. 4.3.1

Plan Of The Confounded Asymmetrical Factorial 3Ix2x2 In
Six Flot Rlock .

Replication 1
X AR
1

Con founded Heplication 2

X AR

]

e

Replication 3=
X X AR

Interaction 12

Block IiBlock II

[ RO WA

Block IiBlock 11

Block I )Block II

L} t 1

L] 1] 1

] 1 1

1 1 H

4 ] ]

H 1 ]

] .! 13

i J i

t ] +

L} i []

] ) ] ) 1 L]

l ] ] 1 1 i

1 1 ) ¢ [] ]

] 1 1 t i 1]

DOo0O0 D Q001 D 0000 0 0001 D 0000 Y 000l
¥ i ] ) # 1

i ' i 1 1 i
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0111 H 0110 : 1011 | 1010 ¢ 0101 1 QLO0
: : : v i i
V0100 Q101 : 1000 1001 p 0110 L 0111
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¢ 1ol : 1011 i oroL OLOO . 1 1010 : 1011
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7 1001 H 1000 : 103 15 A% N 0111 ¢ 1ol : 1000
i ] 1) § 4 ]
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10 by

Ry recoding the levels of X denoting

e
o

00 by O,

the design is converted to original design.

0l by 1 and

This is

given as below -
Table No. 4.5%.2

: ; i \
; Replication 1 : Replication 2 : Replication 3 |
B ot et e oeas e e o Sy somtn o e B o i et s e oA B erie oo mne ovte Vi oo it Sonse bt St Ares S18H Al eV Seme oS e STt e oo B o st + s o sonne et 2o st s 000 v e Sheis o e S0 S Sretn s et i
;Blbck I, Block I1 ; Rlock I ! Elock II ; Block I | Block II ;
000§ oot i ooo ! oot -1 ooo i ooi !
; 0Ll ; 010 ; 011 ; 010 ; 011 E 010 ;
' ' ' ' ' ' '
P 111 ! il L2111 210 L1011 100 :
' ) : ; ‘ ; : .
; 100 ; 101 ; 200 ; a0l ; 110 2 111 ;
' ' ' ' ' . ,
L 210 ; 211 E 101 E 100 g 210 E 211 E
1 ) ' . ; . |
E 201 ; 200 ; 110 ; 111 E 201 ? 200 ;
\ ' ' ) ' X '
, : : : : : :
4.4.2 CONSTRUCTION OF QSYMMETRfCAL FACTORIALS WITH THE HELF OF

FINITE GEOMETRIES

White and Hultguist (196%) extended the use of finite fields

in the construction of asymmetrical plans. They define the addi-

tion and multiplication of elements from distinct finite fields
after mapping them on a finite cummulative subring containing
subrings ismorplic to each of the fields under consideration.

Then they applied the standard procedure of constructing confou-—

nded symmetrical factorial experiments. It is below"

as

mant with factors’

Consider an asymmetric factorial experi n

s A 4 1 th factor A heing at S levels. And

3 H
12 I i i
sUpPOse we are interested in constructing & confounded asymmet-
rical experiment s o2 o8 o - o omoX0H in s blocks, in wach
1 & n 1
replication and let < 1 & prime.
1



And  further, let

For o , praimitive ot GE(s ), bthe elements of GF(s ) can be
: 1 -1
enumerated as

et us identify these elements with the s levels of factor
1
A . And the o Lavels of fackor A can be selected as any
1 i i

s elements of the elements of OF(s ) . In connection with this
i 1 .
Kishen and Srivastava (192%9%a,b ) described a very nice way of

constructing a polynomial over GF(s ) that takes s specified
1 i
values. Due to this polynomial we can restrict the levels of

A to any s elements of GF(s ) in an arbitrary manner. After
i i 1
suitable choosing the levels of the n factors, let the

S W8 . T T —.8 treatment combinations be denoted by
1 2 n
(% 438 4 — — —, ¥ ), where x 15 takes the s suitably selec—
1 2 n i i

ted elements of GF(s ) .
1

Now to confound a k —factor interaction involving F , we

1
form s blocks acccrding to the s flats of the pencil.
' 1 1
% +(a % + - = — +a % )y = K ————(4.3.2.1)
1 iz 12 Tik—-1 ik-1
o € FG(s ) .
1
a E GF(s ), ro= 2y Z, - - -4 k -1 .
ir 1



1

vobhe plangthe anteractaaon ot the tactors b F o i
il 12 ik—1

carried by the pencil (4.3.2.1) is intensionally confounded.

But the main effect of F and all the interaction of F with

1 1
Fo.F == =y F will automatically unintensionally get
il Al ik—-1
confounded. When there are at least two factors at s levels
1

each, no main effect will be partially confounded.

VA 2
Example:4.3.2.1 Consider & 3 % 2 experiment. The element of

GF 3 are O, 1, 2. Total number of treatment combination 18

let these are denoted by ( % , x , % ), % ,x = 0, 1, 2 & x =0,1

12 0= 1z
We can obtain balance in four replications, by confounding the

four pencils, one in =2ach replication.

1

¥ o+ x4+ o= 0, 1, 2

1 2 A
ok 2 o= 0, 1, 2

1 2 A
o+ Ex o+ o o= 0, 1, 2

1 2 d

%o+ 2w o+ 2w o= 0, 1, 2 .

1 2 A

A CONFOUNDING WITH THE HELF OF FSEUDOFACTORS

PP e e v b0t Srone et e o e e Sboe s ot da04h $HHS M FRRES RS SIAVR Shrds F e et S4ArS FoRYD TrTRS Brved SPAS ok SASRR AS00S FLAGR BHRRS 4SRLS SoMRE BASen ArRSE GARIS Sereh LA Uikt Sl Vb0

Consider an asymmetrical factorial experiment t # s

Where the levels of factors are different powers of the same

o K

prime., i.e. t =p  and s = p 4 p ~bteing & prime number
and , B are pasitive integers. The t -levels of a factor can
be identified with all treatment combinationsg of pseuwdofac-

tors, and the s lewvels of other factor can be identified with

all treatment combinations of B pseudofactors. Thus our



m r m&’ Fnp
original experiment t x 8 can be converted into p and

treated as symmetrical in o +nB  pseuwdofactors each at p ~lev~
ei&. Then using the well know techniques of confounding for
symmetrical expariment. confounding can be done. To save main
effects of asymmetrical factorial experiment, only interactions

containing pseudofactors are not confounded.
. 2
As an example, let us consider 4 x 2 -~factorial experime-~

nt with 3 factors A, B and C at levels 4, 2 and 2 respectiv=-
ely. Let levels of A are denoted as 0, 1, 2, 3 and of B and €
0, 1 respectively. Let us identify the four levels 0, 1, 2, 3

of factor A by the trzatment combinations 00, 01, 10, 11 of a

factorial experiment 2 with two pseudofactors D & E  each at
-
2 levels. 8o the original problem 4 x 2 is converted into

4
2 , symmetrical factorial. Now suppose BCDE is confounded

with blocks. The key alock is constituted by the scolutions of

the equation

And i1t contains

( 0000, 1000, 0O0L1, 0101, 0110, 1010, 1101, 1110 )

Another block is obtained from the key block. Hence the

complete plan is given as below

Table Mo 4.3.3.

st dhoae Roure momin reass Sveas s Stk Biner MaGD SONN SONIR Al Srbe Baind WA BO0GL SHOSE GO o Soe Rebih ) K fonry Reors Sient Germs Biabt Seved dsh Mesp Siean et Seoes s S Nbte SEU SO0eS S0SeL oL SO NS SOOPS PSR SPSOS e Sabte SeeTa WIS HIVE o em e Aten SRS O TR et et et Redes Sons S0H

Rlock . Contents of Blocks

1 C( 0000, 1000, 0011, 0110, 1011, 1101, 1110, 0101 )

'
2 v (O QO01, 1001, 0010, Olii, 1010, 1100, 1111, 0100 )
) :




Resubstituting 00 as O, 01 as 1, 10 as 2 and 11 as 7, the

above plan can be rewritten for the original experiments.
AY
Table No. 4.35.3.2

Elock H Contents of Rlock

1 ( oo, OO, OLl, 110, 211, 301, 310, 101 )

( COL, 201, OLO, L1t, 210, 300, 311, 100 )

We have reachec the end of this dissertation and since the
objectives were limited we could not cover all the concepts ari-
sing in factorial erperiment theory. More concepts and constru-

ction methods can be found in the published literature.
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